INTRODUCTION
The volcanic eruptiva (mainly pumice and ash deposits) today attributed to the late-glacial Laacher See Tephra (LST), have long been recognized (cf. Agricola, 1546) over the whole Central Rhineland Neuwied Basin, but only since the middle of the 19th century large-scale industrial exploitation has exposed numerous sections. Some 200 years ago the discussion of the origin of LST deposits played a role in the dispute of neptunists versus plutonists. While the former-among them J. W. von Goethepropagated a marine origin for basaltic rocks, the latter group emphasized their origin within the Earth's interior (Schmincke, 2000, 9-10) . Once its volcanic origins had been accepted, the LST was believed to have erupted from a vent submerged in today's Laacher See (Mordziol, 1931a,b) , a lake named after the Benedictine monastery Maria Laach, founded in 1093 on its southwestern shore. Frechen (1953 Frechen ( , 1959 later postulated four additional vents for different LST stages, which were discussed in the literature until the late 1970s (Windheuser and Brunnacker, 1979) . Continuing research has, however, confirmed the Laacher See as the only vent for the late glacial LST eruption (van den Bogaard and Schmincke, 1984 Schmincke, , 1985 , although the center of the complex eruption with Plinian and phreatomagmatic phases repeatedly shifted between a southern and a northern crater, both of which are today submerged beneath the slightly figure-eightshaped Laacher See.
in the foreland of the Alpine collision front (Fuchs et al., 1983; Schirmer, 1995) while the Lower Rhine Embayment and the Upper Rhine Graben have been sinking. Centered in the Rhenish Shield, the region between Koblenz to the SE and Andernach to the NW forms a geomorphological basin, the Neuwied or Central Rhineland Basin (Figs. 1, 2a and 2b) . During the Quaternary, the
FIG. 2. (a) The central Rhineland during the Laacher See (LS) event 12
,916 cal yr B.P. Isopachs show Laacher See tephra (LST) thickness in 1, 2, 4, and 8 m contours. Cross-hatched area shows ignimbrites initially damming up Rhine and Brohl to temporary lakes: Neuwied-Rhein-See (NRS; Neuwied-Rhine dam lake) and Brohl lake (cf. Schmincke et al., 1990 Schmincke et al., , 1999 . Major archeological (Bad Breisig, Niederbieber, Andernach, Kettig, and Urbar) and paleontological sites are indicated (Mertloch, 1 = Brohl "Netzer Mühle" and "Brohltalbrücke"; 2 = Brohl 1, 2 and Bad Tönisstein "Kurpark"; 3 = Glees; 4 = Krufter Often; 5 = Thür; 6 = Fraukirch; 7 = Kruft; 8 = Miesenheim 2; 9 = Miesenheim 4; 10 = Melsbach; for further information, see text). Inlay shows paleogeography of Europe at the end of the Allerød Interstadial with reconstructed coastlines, ice shields, and Baltic Ice Lake and distal LST find spots (cf. Jöris and Weniger, 2000b) . Stippled line indicates location of Figure 2b . (b) NRS dam lake in the lower Neuwied Basin as viewed from southeast looking toward the dam (hatched) between the Andernacher Pforte and the Brohl River mouth (vertically exaggerated by a factor of two; for location, cf. Fig. 2a ). The NRS was dammed by the T1 ignimbrite of the Brohl pyroclastic flows. Prepared by Susanne Reichert and Rolf Schmidt using data from the Landesvermessungsamt Rheinland-Pfalz, Koblenz.
Rhenish Shield uplift intensified, while the uplift of the Neuwied Basin was delayed and far less pronounced. Since the Tertiary many volcanic eruptions have occurred in the Rhenish Shield lithospheric stress zone, most likely due to minor intraplate mantle plume activity (Raikes and Bonjer, 1983; Schmincke, 2000, 90-95; Ritter et al., 2001) . During the Pleistocene, volcanism was limited to the Eifel uplands, to the west of the Rhine and north of the Moselle, and restricted to two distinct volcanic fields (Fig. 1 inlay) . The Pleistocene eruption history of the West Eifel Volcanic Field, which contains some 240 scoria cones and numerous maars, began in the early Middle Pleistocene around 0.6-0.7 myr ago. The East Eifel Volcanic Field, located at the western rim of the Neuwied Basin, also became active at around the same time, or slightly later. Here, some 100 eruption centers are known, among them four major vents of highly explosive phonolithic eruptions. The late-glacial Laacher See eruption represents merely the last and most violent one in the history of the East Eifel Volcanic Field (Schmincke et al., 1990, p. 16) .
LAACHER SEE ARCHIVES
Deposits of the Plinian Laacher See eruption have covered the entire Neuwied Basin (Fig. 3) . Distal pumice fallout up to 1 m thick is to be found in two distinct fans more than 120 km ENE in the Westerwald uplands and beyond, as well as some 40 km SE, in all covering some 1300 km 2 ( Fig. 2 ; Schmincke et al., 1999) . Laacher See ash was transported by atmospheric circulation at least as far as the nearby West Eifel region and to the south even over the western Alps, as well as being found as much as 1100 km to the NE (Fig. 2a, inlay; van den Bogaard and Schmincke, 1985) . The age of the LST had been discussed since the early 19th century but, in the early 20th century, it was assigned to the late glacial Allerød interstadial on the basis of stratigraphic evidence from peat bogs and lake sediments containing Laacher See ash layers in Central and SW Germany (Mordziol, 1931b; Frechen, 1952; Firbas, 1953) .
Due to its widespread deposition in central and northern Europe (Fig. 2a, inlay) the LST represents an important marker for supraregional synchronization of late-glacial climate archives (cf. Fig. 3 ; Broecker, 1992, p. 137) . During the last decades the number of locations providing LST has increased significantly (e.g., Lotter and Zbinden, 1989; Zolitschka, 1990; Litt and Stebich, 1999; Lotter, 1999; Merkt and Müller, 1999) . Studies of Swiss lake marls, in particular, have refined the relative stratigraphic position of the LST to a position after the so called Gerzensee oscillation, within the first third of the youngest Allerød temperate oscillation (Lotter and Birks, 1993) correlated with the Greenland interstadial 1a (GI 1a; Fig. 4 ; cf. Björck et al., 1998) . The LST may even have been identified in the Greenland ice cores. In the region proximal to the Laacher See volcano (Fig. 2a) numerous sites revealing paleobotanical, paleozoological, and archeological information allow a detailed paleoecological reconstruction of the Neuwied Basin for the LST time slice. These data also provide information on the seasonality of the Laacher See eruption.
SEASONALITY OF THE LAACHER SEE ERUPTION
In two German lakes, the Meerfelder Maar in the western Eifel (Zolitschka, 1988; Brauer et al., 1999; Litt and Stebich, 1999) and the Hämelsee in Lower Saxony (Merkt and Müller, 1999) , varve studies have shown that late spring/early summer biogenic production was interrupted by sedimentation of LST within a single varve layer. This seasonal information agrees well with paleobotanical data from the Brohl valley. Immature fruits and leaf imprints of Prunus padus have been found at a stage of development equivalent to that in late May today (Waldmann, 1996) . The season of the eruption is also supported by foal tracks found at Mertloch (Fig. 2a) which represent neonate animals (Baales and von Berg, 1999) .
REGIONAL IMPACTS OF THE LAACHER SEE ERUPTION
After 20 years of intensive volcanological research, the history of the Laacher See eruption has been summarized most recently by Schmincke et al. (1999) . For a few weeks at most, the violent Plinian event erupted some 6.3 km 3 of magma, covering the entire Neuwied Basin with some 20 km 3 of pumice and ashes, to a thickness of up to 50 m near the vent. Generally, the LST deposits are subdivided into a lower (LLST), middle (MLST), and upper unit (ULST), topped by reworked tephras (r-LST) (Fig. 5) .
During the Plinian phases, the eruption column is estimated to have reached a height of some 22-40 km (Schmincke et al., 1999) . More than 30 documented collapses of the eruption column during the middle phase of the eruption resulted in ignimbrite ash flows, locally named Trass, which filled the paleovalleys north and south of the vent (Fig. 2a) . The narrow Brohl valley was filled by more than 60 m of Trass resulting in the formation of a small but deep lake in the Brohl valley (Schmincke et al., 1990, 149) . Lateral overbank facies of the pyroclastic valley flows, widespread in the Neuwied Basin and locally named Britz, were deposited by co-ignimbrite ash cloud lobes (Schmincke et al., 1999) .
Only the first ignimbrite flow (T1; Fig. 5 ), which dates to the B-unit of the MLST (MLST-B), rushed through the entire lower Brohl valley (Fig. 2a) and reached the Rhine (Freundt and Schmincke, 1986) , blocking the river (Park and Schmincke, 1997, 524) . We suggest that overloading of the Rhine by volcanic material and trees felled by blasts and base surges led to the complete obstruction of the Rhine valley over a length of 7 km between the Brohl-Rhine confluence and the Andernacher Pforte gorge, the northern outlet of the Neuwied Basin. The major result of this obstruction was a temporary lake in the lower Neuwied Basin between Andernach and Koblenz, while further upstream the banks of the Rhine and its tributaries were submerged ( Fig. 2a  and 2b) .
Thick laminated silty deposits interstratified with sorted pumice rafts of reworked LLST are clear proof for the temporary existence of a Neuwied-Rhine dammed lake (NeuwiedRhein-Stausee = NRS). We documented water-rafted pumice at elevations of up to 71.5 m above sea level (asl) at more than 20 locations in the lower Neuwied Basin (Fig. 3b) Deep channels and gullies cut into LLST and silty NRS limnic phase deposits during the rapid drainage of the NRS were subsequently filled by thick fluviatile deposits of reworked LST with typical cross-bedding features (Fig. 3b) . For example, channels with depths up to 10 m are known from Weißenthurm, close to Kettig and south of the Rhine today (Fig. 2a) Remagen ( Fig. 2a ; cf. Schirmer, 1990 ), a short widening of the narrow Rhine valley in the area of the western Ahr tributary confluent.
Here, near Bad Breisig, some 14 km north of the Laacher See, the late Allerød land surface is covered by a thin layer of greenish fallout ash (Fig. 5, layer 1) . This ash-which has preserved imprints of the Allerød vegetation (Waldmann, 1996) is most plausibly correlated with the late MLST-B. During the NRS limnic stage the Rhine largely fell dry between the confluences of the Brohl and Ahr Rivers. The subsequent flood wave took up sands from the dry Rhine bed and deposited them in a layer up to 30 cm thick, also containing white pumice debris (Fig. 5, layer 2) . These sediments are overlain by a 10-cm layer of rounded lapilli (Fig. 5 , layer 3) originating from a continous layer of floating LLST pumice. These rafts were sealed by a characteristic dark hardened fallout ash some 7 cm thick (Fig. 5 , layer 4), which we correlate with a terminal phreatomagmatic phase attributed to the B-unit of the ULST (ULST-B; cf. Park and Schmincke, 1997, p. 523) . This confirms the hypothesis of Park and Schmincke (1997, p. 525 ) that NRS drainage occured within the MLST-ULST transition (Fig. 5) . The deposition of this characteristic fallout tephra at the Goldene Meile north of the Laacher See is remarkable since it has so far not been recognized outside the Neuwied Basin.
The Bad Breisig profile is completed by fluvially reworked LST deposits ( (Waldmann et al., 2001; Baales and Jöris, 2002) .
LATE ALLERØD ECOLOGY OF THE NEUWIED BASIN AT THE TIME OF THE LAACHER SEE ERUPTION
Tephra fossils, mainly carbonized tree trunks and leaf imprints, have been collected from LST deposits for more than 200 yr (cf. Waldmann, 1996) and are regularly observed in the Trass deposits of the Neuwied Basin and the Brohl valley. Today, more than 100 plant species-trees, shrubs, herbs and mossesare known from macrofossils (Table 1) . Claims for the identification of several thermophilous species such as Corylus and Alnus incana have not withstood reexamination. A postulated Corylus charcoal turned out to be Betula, and an Alnus incana leaf imprint was reidentified as Betula pubescens .
During the 1980s and early 1990s it was possible to investigate stands of trees found in waterlogged situations below the LST, such as a large area uncovered at the site of Miesenheim 2 (Fig. 2a) , south of Andernach (Street, 1986 (Street, , 1995 , and, the first such discovery in 1980, at Thür (Fig. 2a ) some 6 km south of the Laacher See, where a small stand of birch trees (Betula spec.) was identified (Brunnacker et al., 1982) . Two tree trunks lying oriented north-south might be interpreted as having been felled either by an initial blast or by a base surge during the Laacher See eruption (Street, 1995) .
Intensified investigation in the late 1990s focussed on several locations in the Nette valley near the village of Kruft some 5.5 km south of the Laacher See. Here, the Krufter Often scoria Schmincke et al. (1990 Schmincke et al. ( , 1999 . Bad Breisig: Schematic profile containing Late Paleolithic find layer (FMG, Federmessergruppen; calcined bones and artifacts [asterisks]) overlaying LST deposits. 0 = Allerød soil; 1 = green fallout tephra of terminal MLST-B containing vegetation imprints; 2 = Rhine sands with white pumice; 3 = rafted white pumices; 4 = dark ULST-B fallout tephra; 5 = syneruptively reworked LST; 6 = high-flood sediments with posteruptively reworked LST in its basal part containing the archeological find layer. The green tephra (1) at Bad Breisig is tentatively correlated with the green tephra within silts of the limnic phase of the Neuwied dam lake (NRS) that most likely corresponds of the final phase of MLST-B.
cone (Fig. 2a) had blocked eruption blasts and thus sheltered local Allerød woodland composed of aspen (Populus tremula) and birch trees found standing upright in LST deposits. Alongside carbonized wood preserved in the Trass, further trees were documented as vertical molds left in the pumice when the wood decomposed. Most tree diameters range between 8 and 10 cm, although trees with diameters of up to 30 cm were observed, spaced at regular intervals of 5-10 m . Further remains of wood were found in the Trass deposits of the Brohl and Nette valleys (Fig. 2a) , mainly in allochthonous positions after transport by the ignimbrite flows, but still in place at one locality in the Brohl valley (Fig. 2a) , investigated during the 1980s where wood of the bird cherry (Prunus padus) was also identified (Street, 1995) .
A former shallow lake near Miesenheim (Miesenheim 4; Fig. 2a ) covered by several meters of LST provided the possibility to study the hydroseral succession in detail. The analysis of plant macrofossils revealed the zonation from open water through a reed and bryophyte belt to open woodland of aspen, birch (Betula pubescens), and willow. Additional vegetational information is found as leaf imprints in Brohl and Nette valley Trass deposits (Schweitzer, 1958) , in the silty NRS lake rim deposits and in the initial fallout ashes at numerous near-vent locations in the region (Waldmann, 1996) . All the botanical evidence indicates the presence of relatively open woodland with a dense, species-rich undergrowth of herbaceous plants. Due to the central Rhineland topography a clear zonation of differently composed woodland can be recognized: Waldmann, 1996) are not considered. Locations are Miesenheim 2 (Staiger, 1988) , Miesenheim 4, Fraukirch, Kruft, Brohl valley , Melsbach, Andernach, Niederbieber, and Kettig (for location, see Fig. 2a ). Pine (together with unidentifable charcoal remains of decidous trees) is also known from the Final Paleolithic find horizon at Bad Breisig located above reworked LST deposits.
1. The lower Neuwied Basin and river valleys were occupied by lower river bank woodland, mainly composed of aspen and birch (Betula pubescens) accompanied by willow (Salix spec.).
2. Somewhat higher, in elevations between 80 m and about 150 m asl, an upper river bank woodland with additional bird cherry (Prunus padus) was situated.
3. Up to almost 300 m asl, birch (now Betula pendula) and aspen woodland existed.
4. In higher elevations of the surrounding slopes and plateaux, pine (most probably Pinus sylvestris) joins the woodland species.
Other than a number of pine needle imprints described from the Brohl valley Trass (Schweitzer, 1958, p. 37 ) pine is so far not known as macrofossil material at paleontological sites. Pine obviously preferred drier locations and is therefore not found at the valley floor sites preserved by LST, although pine charcoal is known from Allerød archeological sites below the LST and has also been identified at Bad Breisig, postdating the Laacher See event. Pollen spectra from across central Europe show a clear presence and even dominance of pine pollen during the Allerød, reflecting both the high production and dispersal of pine pollen, and the fact that pollen of Pinus sylvestris is resistant to decay and easily recognized. Further information on the ecological situation is given by faunal remains found below LST deposits which have demonstrated the presence of many animal species at both archeological and strictly paleontological sites (Table 2) . One example of the latter category of site is Miesenheim 4 (Fig. 2a) , where much of the skeleton of a young male moose (Alces alces), scavenged (and also killed?) by wolves, was documented (Street, 1993 (Street, , 1995 . Indications for the persistence of open landscapes at higher elevations are given by the regular presence of horses which outlived the earlier steppic biotopes to survive into the hemiboreal Allerød environment. Horse remains are found at archeological sites below the LST; the species has also been documented since 1996 as ichnofossils (Fig. 6c) in the MLST deposits at Mertloch, some 16 km to the south of the Laacher See, and has recently been recovered at Bad Breisig Waldmann et al., 2001; Baales and Jöris, 2002) .
At Mertloch it was possible to document well-preserved imprints of tracks of further Allerød animal species on a short-lived surface (Britz) within an MLST ash layer, some 20 cm above the LLST pumice and itself covered by ULST (Fig. 5) . Syneruptive rain produced a muddy ash surface which preserved the animal tracks and raindrop imprints over a surface of several 1000 m 2 . The animal tracks can be attributed to predominantly female capercaillie (Tetrao urogallus; Fig. 6a ), two brown bears (Ursus arctos; one track was preserved over a distance of 70 m; Fig. 6b ), a red deer hind (Cervus elaphus) with a calf, and several horses (Equus sp.) with young foals (Fig. 6c ; von Berg, 1997, 1999; Street and Baales, 1999) .
To summarize, the ecological information for the time of the late Allerød Laacher See eruption outlines an environmental situation comparable to the hemiboreal conditions nowadays widespread in several regions of the northern hemisphere (cf. Waldmann, 1996) . The Neuwied Basin woodland was dominated by aspen and birch (predominantly Betula pubescens). In the valleys, bird cherry (Prunus padus) and willows (e.g. Salix pentandra) were also present; in drier locations other willow species (e.g. Salix caprea) were found. In the latter situation Betula pubescens was to a large extent replaced by Betula pendula. Evidence for pine is scarce and present only from localities at the edge of the Neuwied Basin lowlands (Andernach, Urbar, possibly Niederbieber) and from Bad Breisig, postdating the LST. The situation can be described as temperate and humid. This is in accordance with paleotemperature reconstructions based on beetle studies for NW Europe, showing slightly lower annual temperatures with cooler winters for the late Allerød in comparison with today's situation (cf. Atkinson et al., 1987; Coope et al., 1998) .
DATING OF THE LAACHER SEE EVENT
The Allerød age of the Laacher See event (Mordziol, 1931b) was first confirmed by early radiocarbon dates on peat deposits above LST from Wallensen in Lower Saxony some 240 km NE of the Laacher See, which gave an age of 11,044 ± 500 14 C yr B.P. (Libby, 1952: sample C-337; Firbas, 1953) . In the following years further radiocarbon measurements were obtained on charcoal from ignimbritic Trass deposits in the central Rhineland supporting the validity of the first data (Frechen, 1959; Rubin and Alexander, 1960) .
Preliminary single-crystal laser-fusion 40 Ar/ 39 Ar dates obtained directly on Neuwied Basin LST material allow a broad calendric eruption age estimate of 12,900 ± 560 yr B.P. (van den Bogaard, 1995) was calculated for the LST event based on radiocarbon dates using the Stuiver and Reimer (1993) calibration data curve (Street et al., 1994) . With the more recent INTCAL98 data set making use of the first Cariaco varve chronology, the calibrated highprecision 14 C data obtained from the Kruft aspen tree no. 9 range from 13,010 to 13,200 cal yr B.P. Kromer et al., 1998; Friedrich et al., 1999 Friedrich et al., , 2001 ) and, therefore, seem to be slightly too old compared with the time range for calendric LST age estimates (cf. Andres and Litt, 1999, 1-2) derived from central European late glacial/early Holocene varve stratigraphies (cf. Litt and Stebich, 1999) .
Within the proximal Laacher See region, 44 radiocarbon age determination were obtained on botanical remains, some of them high-precision (Table 3) . We have distinguished between longlived (mainly wood) and short-lived (e.g., bark, outer tree rings, charcoal) botanical samples and observe within each group three distinct clusters of data (Fig. 7) . The middle cluster (Fig. 7b and c, cluster m) contains the most high-precision dates obtained on the Kruft trees (no. 8 and 9, preserved upstanding in LST) representing the most precise timing of the Laacher See eruption, with a weighted mean value of 11,062 ± 11 14 C yr B.P. which is in good agreement with further high-precision data from Krumpa in Sachsen-Anhalt some 400 km to the NE of the Laacher See vent but appreciably younger than the age approximation given by Hajdas et al. (1995) . The younger cluster (Fig. 7 , cluster y; weighted mean: 10,911 ± 49 14 C yr B.P.) therefore represents an age inversion in the 14 C timescale not included in the INTCAL98 record but shown in the youngest Dättnau Allerød pine dendrochronology (DAEALCH3) in the Swiss northern Alpine foreland (Kaiser, 1993) as well as in Swedish and Polish varve chronologies (Goslar et al., 2000) . DAEALCH3, consisting of eight pine trees (Kaiser, 1993) , shows a remarkable synchronous decline in LST Street, 1986 Note. A = "long-lived" (mainly wood). B = "short-lived" plant remains (mainly found in LST deposits). Compare Figure 7 . ULST = Upper LST; MLST = Middle LST.
* Wood with insect bore holes standing upright in LST.
FIG. 8.
High-precision dendrochronologies from the Swiss site of Dättnau (DAEALCH3; Kaiser, 1993) and Kruft in the Neuwied Basin (Tree no. 9; Baales et al., 1998) showing late Allerød fluctuations in atmospheric 14 C concentration compared with the younger (Y) and middle (M) radiocarbon age clusters of central Rhineland vegetation samples (cf. Fig. 7 and Table 3 ). The data prove an 14 C age inversion prior to the Laacher See event which is marked in the DAEALCH3 sequence. The weighted mean of the middle 14 C age cluster fits perfectly with the 14 C age of DAEALCH3 shortly before the decline in treering widths. Calibrated ("calendric") ages (cal yr B.P.) follow the age model explained in the text.
tree-ring widths, indicating an environmental impact that is most likely caused by the Laacher See event (Fig. 8) .
Although the age discrepancies of radiometric and varve data reflect problems in the correlation of high-resolution archives for the time window discussed, an LST age determination of highest precision and accuracy is desired due to its potential use as an ideal "zero year" reference in the synchronization of annual-layer counted archives (cf. Broecker, 1992, p. 137) , among them the Greenland ice cores GRIP and GISP2 whichat present-represent the most continuous records with highest resolution in time. Note. YD = Younger Dryas; MFM = Meerfelder Maar (Brauer et al., 1999) ; SOP = Soppensee (Hajdas et al., 1993 (Hajdas et al., , 1995 ; LGO = Lake Gosciaz (Goslar et al., 1995) ; GRIP (Johnsen et al., 1992) ; GISP2 ; (cf. Jöris and Weninger, 2000a While the Greenland ice cores are among the most important records of northern hemispheric climate change, their timescales differ during the late glacial period by up to a few centuries ( Fig. 4 ; cf. Grootes et al., 1993) . Comparison of the duration of the Younger Dryas (YD) shown by ice-core chronologies and by anually layered European lake sediments gives a mean value of 1143 yr (Table 4) , which clearly shows that the GISP2 age model stretches the YD cold episode for a few decades (cf. Jöris and Weninger, 2000a,b) .
We have taken the age of the onset of the Holocene as 11,570 cal yr B.P., which can be seen most precisely in the remarkable supraregional increase of tree-ring widths observed in the continuous central European YD-Holocene dendrochronology established during the last several years (Friedrich et al., 1999 (Friedrich et al., , 2001 . To this we have added the mean duration of the YD (1143 yr) from several paleoclimatic archives to arrive at an age of 12,713 cal yr B.P. for the Allerød-YD transition.
After the first third of GI 1a the Greenland ice cores show a significant increase in electrical conductivity measurement (ECM) values and an extraordinarily high amount of volcanic SO 2 content (Fig. 9) . The relative chronological position of this volcanic event some 200 yr before the onset of the YD in the Greenland ice cores is in overall agreement with that of the LST deduced from numerous annually counted varved lakes in central Europe ( Fig. 4 ; Jöris and Weninger, 2000a) . We therefore trace both signals in the ice cores back to the Laacher See event.
It is suggested that the Laacher See impact was delayed by some 1-2 yr, as indicated by the DAEALCH3 dendrochronology (Kaiser, 1993; Friedrich et al., 1999 Friedrich et al., , 2001 ; cf. Fig. 9 and Jöris and Weninger, 2000a) . With this hypothesis the δ 18 O signatures of both ice cores perfectly synchronize over the entire duration of GI 1a. Furthermore, the Greenland δ 18 O signals correlate roughly with changes in tree-ring growth recorded in year 126 of the youngest Dättnau Allerød sequence (DAEALCH3; cf. Kaiser, 1993) . If we accept these correlations, the onset of the remarkable decline in tree-ring widths some 192 + ca. 5 yr before the end of the Swiss dendrochronology (Kaiser, 1993) Kaiser, 1993) in comparison with combined GRIP and GISP2 data that are calibrated by the assumption that an extraordinary marked peak of sulphur in both ice cores can be traced back to the Laacher See event. Ice core data show electrical conductivity measurement (bold line; Taylor et al., 1993) and total volcanic sulphur (shaded histogram; Zielinski et al., 1996) in relation to δ 18 O signature of the GRIP record (Johnsen et al., 1997) to the top of the diagram. Calibrated ages (cal yr B.P.) follow the age model explained in the text. (Table 4) which is in good agreement with counting of organic matter laminae in the northern German Hämelsee (Kaiser, 1993, 164-165; cf. Merkt and Müller, 1999) . Thus, we finally arrive at an age of 12,916 cal yr B.P. for the onset of the Laacher See event.
Taking this date as the "zero year" of late glacial archives for this specific point, the GRIP record has to be shifted by 23 yr to an older age, while the GISP2 record has to be shifted by 121 yr to a younger age (Jöris and Weninger 2000a) .
SUPRAREGIONAL IMPACTS
A total of approximately 150 megatons of sulphur (max. estimate) may have been released prior to and during the Laacher See eruption, a value significantly larger than those for comparable large-scale volcanic explosions (Schmincke et al., 1999, p. 70) . Taking into account the presumed height of the eruption column during the Plinian phases of the Laacher See eruption, one must assume that major sulphur emissions into the stratosphere by LST aerosols probably caused increased albedo and most likely a lowering of northern hemispheric average temperatures.
Following the chronological correlations suggested above, the ECM and volcanic SO 2 signals in the Greenland ice cores coincide to within ±2 yr with the most prominent drop in δ 18 O values during GI 1a ( Fig. 9; cf. Fig. 4) , indicating a short-term climatic deterioration, possibly representing a "volcanic winter" in the northern hemisphere, most likely triggered by the Laacher See event.
Although pollen and diatom analysis of some central European varve lakes shows no significant impact of the LST on local biogenic production (Lotter and Birks, 1993; Birks and Lotter, 1994) , it is possible that ash falls, acid rain, and lowered temperatures following the LST eruption might have significantly injured the late Allerød ecology (Schmincke et al., 1999, 70) . Acidification, in particular, may have seriously damaged ecosystems sensitive to external changes such as diatoms in aquatic environments or on terrestrial vegetation. On the other hand, these effects are largely confined to local situations and dependent on intensity of precipitation. However, the temporal resolution of most LST archives does not allow us to establish definitively the possible ecological impacts of the eruption as opposed to "regular" natural variability.
Nevertheless, the drop of δ 18 O values in the Greenland ice cores suggests that environmental damage in the northern hemisphere due to the Laacher See event may have been on a much larger scale than is indicated by the minor ecological alterations of diverse parameters observed in local limnic archives.
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